suppression of the normal flora creates a microbic vacuum which any opportunist can fill. It is also likely that the normal balance is partly maintained by antibiosis; several of the commonest normal inhabitants of the alimentary tract are known to form antibiotics themselves. Thirdly there is the possibility that the drug in use directly stimulates resistant species. There is abundant evidence that sub-inhibitory concentrations of various antibacterial substances, including antibiotics, can accelerate bacterial growth. How important this effect is clinically we do not know. It is atleast worthy of further attention, and I ventured to suggest some years ago that the alleged stimulation of Myco. tuberculosis by, penicillin might mean that the use of this drug-for some other indication, of course-in tuberculosis is inadvisable. One possible-illustration of this is the reported development of severe tuberculous mastitis after injection of penicillin into the teat canal. Was this due'simply to the,transfer of tubercle bacilli from other cows, or did penicillin activate a previously latent infection?
Lastly, the one beneficial effect of antibiotics apart from their main use is their growth-promoting effect when antibiotic residues or small amounts of the drugs themselves are added to the diet of young stock. The nature of this effect seems not yet to be fully understood, but two factors, apparently, may contribute. One is the suppression of infection by unrecognized pathogens, the other a-n alteration in the balance of the intestinal flora, favouring the synthesis of some possibly unknown growth factor. The Gro promotng Effect of Antibiotics and their Possible Modes of Action The original work was confirmed when Stokstad and Juices (1950) showed that pure Aureomycin Hydrochloride would increase the rate of growth of the young chick. Similar results were reported in the pig (Jukes et al., 1950) and were amply confirmed by many other workers (reviewed by Braude et al., 1953) . In this country extensive pig-feeding trials using Aureomycin and penicillin were organized by the Agricultural Research Council and served to confirm in general the American findings (A.R.C. Report Series No. 13, 1953; Gordon and Taylor, 1953) . The optimum dose rate is at present being ascertained but it is generally considered to be between 4 and 20 parts per million (p.p.m.) in the fpod. The chicken may benefit from as little as 2 p.p.m. of penicillin.
A great deal of literature on the subject has appeared since 1950 and it is only possible in this short contribution to mention a few points of special interest. The subject has been comprehensively reviewed by Jukes and Williams (1953) and Stokstad (1954) .
There is now overwhelming evidence to show that a wide range of antibiotics when fed in very small quantities will increase the growth rate and efficiency of food conversion of many species, including man. Several workers have shown a marked increase in growth and survival rate of premature infants (Snelling andJohnson, 1952; Robinson, 1952) and Carter(1954) is obtaining a remarkable growth response and reduction in disease level of children fed 75 mg. Aureomycin twice daily.
Of the many hypotheses on the mode of action of antibiotics in stimulating growth, none, so far, provides a complete explanation of many observations which have been made. It can be seen from Table I that we are considering a phenomenon in which the "normal" organism, whether it be mammal, bird, or plant, can benefit from a group of substances whose only common characteristic as far as we know, is the ability to kill, or depress the growth of certain micro-organisms. There is good evidence to suggest that it is this characteristic of the antibiotics that is responsible for the phenomenon that we are studying. The fundamental study of "germ-free" life at the Lobund Institute clearly shows that the "germ-free" animal derives no benefit from an antibiotic supplement, but will grow as fast as a conventional animal receiving such a supplement (Luckey, 1952) . This 
Nickell (1953) J P-Procaine Penicillin. A-Aureomycin Hydrochloride supports the work of Jukes et al. (1952) who showed that the chick embryo, being sterile, would not benefit from an antibiotic supplement. Further, when the antibacterial properties of an antibiotic are removed it no longer appears to possess the ability to stimulate growth (Jukes and Williams, 1953) .
Pursuing the hypothesis that the beneficial effects result from the influence of the antibiotics on micro-organisms within the animal, extensive studies on the effect on the flora of the digestive tract have been made (Coates et al. 1951; Sieburth et al., 1951; March and Biely, 1952; Eisenstark and Sanford, 1953) without revealing any consistent change in the flora to which could be attributed the beneficial action of an antibiotic. This, however, may be due to an inability to detect the particular organisms implicated, or to changes in the metabolism of these organisms which would benefit the host, but which might not be detected by a viable count. The difficulties of interpreting apparent changes in gut flora have been described by Reyniers (1952) .
There is some evidence that there is a change in the environmental flora associated with the use of antibiotics and it has been shown in this country that chicks reared in a long-established poultry house benefited from an antibiotic supplement, while those reared in a new house did not. The chicks kept in the new house grew as well as the antibiotic-supplemented animals in the old house (Coates et al., 1952) . In this connexion it has been suggested that the presence of an antibiotic removes some "latent infection" which normally depresses growth. In support of this hypothesis we have observed during the last two years an increase in the growth rate of control pigs on premises where a succession of antibiotic feeding experiments have been carried out. These results are shown in Fig. 1 .
Within the normally accepted dose range the quantity of antibiotic fed is of the order of 0 5 mg./kilo body weight per day. Although this is far below the usual therapeutic level, when administered continuously it appears to control many intestinal pathogens. Becker et al. (1952) (1953) controlled a natural outbreak of dysentery in pigs by feeding 2l p.p.m. of Aureomycin in the food. Several workers have shown a very marked response to antibiotics in the "runt" pig (Catron and Cuff, 1951; Worden and Bunyan, 1952) . In trials involving 120 calves we have observed a statistically significant reduction in mortality due to enteritis associated with Bact. coli. It seems then that at least one of the effects of such a supplement when fed within the higher dose-range is to control certain bacterial diseases, although the specific protection afforded has not yet been investigated or artificially challenged. As a preliminary investigation into the possible modes of action, we have examined the distribution of two antibiotics, penicillin and Aureomycin, throughout the length of the digestive tract, the body fluids and tissues of animals receiving varying doses of these supplements. By examining material from several hundreds of pigs and also horses, calves and rats, we have accumulated considerable information which will be fully reported later but which is possibly of interest to mention now. CONCENTRATION 2. -Sites of detection of antibiotics in the pig following administration at varying levels in the food (one to three hours after feeding). + = minimal detectable levels. Variation from 0 008 to 0X02 pg./ml. or pg./gramme according to material examined. Fig. 2 shows that there are differences in the distribution of the two antibiotics, the most marked being the absence of penicillin in the cxcum or large intestine even at the higher dose level whereas Aureomycin is detectable throughout the digestive tract. This might suggest that any effect on the intestinal flora is confined to the organisms in the upper part of the digestive tract. It is also noteworthy that both antibiotics when fed at levels as low as 4 parts per million of the food are not confined to the digestive tract, but are excreted in significant concentrations in the urine. Further evidence of their distribution within the body is furnished by the detection of both antibiotics in the blood serum at the higher dose-rate. These findings. may throw some further light on the possible mode of action of antibiotic supplements, for although there is much support for the theory of an antimicrobial action, it has so far been considered that this action could only take place within the digestive tract, where it was assumed that the antibiotic was confined. The theory of subclinical disease control is perhaps more acceptable in the light of these findings.
To summarize, we have considered the establishment of a growth response with antibiotics and have shown the wide variety of species in which this phenomenon occurs. We have considered a few of the possible modes of action and have suggested that the depression of sub-clinical disease is a hypothesis worthy of attention. There are, however, many other aspects of the subject which we have been unable to consider in the present paper.
